Malignant tumor of the salivary gland is rather uncommon and accounts for less than 0.3% of all malignancies. The overall incidence in the United States is about 1.2 per 100,000 populations per yr (1). Salivary cancer is heterogeneous with respects to histologic type and biologic behavior. Surgical resection is the mainstay of treatment, and several retrospective studies revealed that the addition of postoperative radiation therapy (RT) in selected patients improved both local control and survival (2-6). The clinical indications of postoperative RT, in general, include pT3-4 disease, positive or close resection margin, bone invasion, perineural invasion (PNI), high-grade histology, and regional lymph node (LN) metastases (3, 7-9). Elective neck irradiation (ENI) is optionally considered for large and high-grade tumors (8-10).
INTRODUCTION

Treatment Results of Major Salivary Gland Cancer by Surgery with or without Postoperative Radiation Therapy
Recent technical improvements have provided us with more accurate diagnosis and optimal treatment planning: computed tomography (CT), magnetic resonance imaging (MRI), and fluorine-18 fluorodeoxyglucose (18F-FDG) whole-body positron emission tomography (PET) help identification of LN metastases with a sensitivity of 80% to 90% and a specificity of 79% to 94% (11) ; and three-dimensional conformal radiation therapy (3D CRT) and intensity-modulated radiation therapy (IMRT) enable more conformal target coverage with sparing of the normal tissue (12) .
The purpose of this study is to report our treatment experience of the patients with major salivary gland cancer, who were treated with surgical resection with or without postoperative RT, and to identify the predictors of outcomes.
MATERIALS AND METHODS
Between March 1995 and January 2006, 94 patients with newly diagnosed major salivary gland carcinoma with no distant metastasis underwent curative surgical resection at Samsung Medical Center. The median age was 50 yr (range, 9 to 79 yr) and there was male preponderance (59.6%, 56 patients). The parotid gland was most commonly involved in 73 patients (77.7%), followed by the submandibular gland in 16 (17.0%) and the sublingual gland in five (5.3%) ( Table 1) . Surgical procedures included curative resection of the involved gland in all patients, and some form of neck node dissection was added in 28 patients (29.8%) ( Table 2 ). The indication of neck dissection and the decision about type of neck dissection was individualized according to primary tumor site and extent, lymphatic drainage, and clinically involvement of lymph node. At the time of diagnosis, all patients received CT evaluation and some of them received MRI (20 patients) or 18F-FDG PET (21 patients) selectively.
The histologic types are presented in Table 1 . Among the 27 patients with mucoepidermoid carcinoma, 19 patients had lowgrade tumor and the remaining 8 patients had intermediate or high grade tumor. We considered low-grade mucoepidermoid and acinic cell carcinoma as low-grade tumors, and the other subtypes were considered high-grade. About three fourths of all (73.4%, 69 patients) were with high-grade tumors. The pathologic T-stages according to American Joint Committee on Cancer (AJCC) 6th 2002 are presented in Table 3 . Among the 28 patients who underwent neck dissection, 15 (16.0%) had pathologically positive neck node: pN1 in six (6.4%); and pN2 in nine (9.6%). Based on the distribution of characteristics among the patients did or did not receive postoperative RT, those who received postoperative RT had high-grade tumors more frequently ( Table 1) .
The addition of postoperative RT was considered and individually recommended to the patients with one or more of the following risk factors: high-grade histology; positive or close (<5 mm) resection margin; PNI; lymphovascular invasion (LVI); extraparenchymal extension (EPE); T3-4 disease; and positive regional LN. The criteria of EPE were according to AJCC 6th 2002. The actual numbers of patients who did and did not receive postoperative RT were 75 (79.8%), and 19 (20.2%), and the postoperative RT group had more patients with risk factors (Table 3) .
Postoperative RT was delivered with 4-or 6-MV photons generated from linear accelerator. The RT volume was to include the primary tumor bed and pathologically involved regional lym- phatics with adequate margins, and no additional effort was made for ENI. CT-based contouring and radiation dose calculation were performed using computerized planning software. The median total doses to the primary site (75 patients) and the regional lymphatics (20 patients) were 56.0 Gy (range, 54 to 70 Gy) and 58.7 Gy (range, 40 to 66 Gy), with a fraction dose of 1.8 Gy (7 patients) or 2.0 Gy (68 patients).
The median follow-up duration, calculated from the date of surgery, was 49 months (range, 6 to 148 months). Complications during or after postoperative RT were scored by the Radiation Therapy Oncology Group (RTOG) criteria. The Kaplan-Meier method was used to estimate the probability of disease-free survival (DFS), local control (LC), and overall survival (OS). The comparisons of survival rates among the groups were done using the log rank test. The Cox proportional hazard regression analysis was used for multivariate analysis. A probability value of less than 0.05 was considered statistically significant.
RESULTS
The most common RT-related toxicities were buccal mucositis on the affected side occurring in 19 patients, dysphagia in 16, and skin reaction in 14. Other minor toxicities included external otitis, dry mouth, and nausea. All the toxicities were either RTOG grade 1 or 2 affecting 53 patients (70.7%), and there was no incidence of grade 3 or higher toxicity.
At the time of analysis, 21 patients had relapsed: 20 patients in the postoperative RT group; and one in the surgery alone group. As the first site of failure, distant metastasis was the most common observed in 17 patients, and there were three patients with local recurrence and one with regional relapse (Fig. 1) . The sites of distant metastasis were the lung in 10 patients, the bone in three, the brain in two, and other sites in two. Histologic types of 17 patients with distant metastasis were salivary duct carcinoma in six, adenoid cystic carcinoma in six, adenocarcinoma in two, carcinoma ex pleomorphic adenoma in two, and mucoepidermoid carcinoma in one. One patient with simultaneous distant metastasis and regional neck node recurrence was with a few risk factors: histologic type of salivary duct carcinoma; pT3; EPE (+); and positive resection margin. Median time to distant metastasis was 11 months (range, 3 to 34 months). The 5-yr DFS rates were 74.4% and 94.7% in the postoperative RT and the surgery alone groups. All patients who relapsed after postoperative RT had high grade histology, and three patients had local recurrence after 5, 10, and 13 months of surgery, whose histologic types were salivary duct carcinoma in two and adenocarcinoma in one. One patient with regional LN relapse after surgery alone had refused postoperative RT recommended for having pathologically proven LN metastasis. This patient received, after regional recurrence, modified radical neck dissection fol- lowed by postoperative RT to the lymphatics, and there has been no evidence of further recurrence until the last follow-up at 9 months after salvage neck dissection. The 5-yr LC rates of the postoperative RT and the surgery alone groups were 96.0% and 100%, and the 5-yr OS rates were 78.2% and 100%. Table 4 shows results of univariate analysis for factors predictive of DFS and OS. Old age (>50 yr), advanced pathologic Tstage, positive pathologic N-stage, PNI, LVI, EPE, and high grade tumor were significant prognostic factors affecting both DFS and OS. Male sex was a significant factor affecting OS. On multivariate analysis, DFS was significantly affected by positive pathologic N-stage (hazard ratio [HR], 3.624; P=0.0319), while OS was by positive pathologic N-stage (HR, 7.138; P=0.0034) and PNI (HR, 5.073; P=0.0187) ( Table 5 ).
DISCUSSION
The management of salivary gland cancer is primarily surgical. Early stage major salivary gland cancer with low risk could be effectively cured by surgical resection only. Chen et al. (9) reported treatment results of 207 patients who were treated with surgery alone for major salivary gland cancer. The 10-yr locoregional control of patients with pathologic T1-2 disease was 80% and that of patients without LN metastasis was 77%. LN metastasis (HR, 4.8; P=0.001), high-grade tumor (HR, 4.2; P=0.003), positive surgical margins (HR, 2.6; P=0.03), and T3-4 disease (HR, 2.0; P=0.04) were significant independent predictors of locoregional control. In our study, surgery alone could achieve excellent outcome in patients with low risk, except one patient who refused postoperative RT despite of presence of pathologically positive LN. Except this patient, there was no recurrence or death in the surgery only group.
Patients with advanced T stage, high-grade tumor, positive surgical margins, and LN metastasis usually receive postoperative RT (4, 7, (13) (14) (15) . In the treatment results of Terhaard et al. (8) , postoperative RT improved 10-yr LC significantly compared with surgery alone in patients with T3-4 tumors (84% vs. 18%), close resection margin (95% vs. 55%), incomplete resection (82% vs. 44%), bone invasion (86% vs. 54%), and PNI (88% vs. 60%). LC rates at 5 and 10 yr were 94% and 91%, and with ENI to 40% of patients (a median dose of 50 Gy), postoperative RT also significantly improved regional control in patients with pathological LN involvement (86% vs. 62%). Our study showed 5-yr LC of 96.0% after postoperative RT, which is comparable to the previous reports (4, 6, 8, 13, 14) . Furthermore, only one patient experienced regional failure after postoperative RT who had simultaneous distant metastasis. Although we did not administer ENI to clinically or pathologically negative neck, this result is comparable to that of Terhaard et al, whose 10 yr regional control after postoperative RT was 93% for clinically or pathologically N0 tumors (8) .
Whether ENI should be applied routinely or not is still a controversial issue in the salivary gland cancer patients with clini- (19) . Similar results were reported in the study of Chen et al. (9) , and the risks of LN metastases without ENI were 67% in squamous cell carcinoma, 50% in undifferentiated carcinoma, 34% in adenocarcinoma, and 29% in mucoepidermoid carcinoma. There was no neck relapse among the patients with adenoid cystic or acinic cell carcinoma regardless of ENI administration. Although based on rather small number of patients, they suggested that ENI be beneficial in patients with salivary duct carcinoma and carcinoma ex pleomorphic adenoma. 10-yr nodal failure rate among the patients with T3-4 disease was twice higher than that of T1-2 disease (13% vs. 6%, P=0.07), and they concluded that ENI effectively prevented nodal relapses and should be used for selected patients with high risk of regional failure.
Before the decision about whether ENI should be administered or not, accurate clinical evaluation of N-stage is crucial. 18F-FDG PET is known to have significant impact on the management of patients with salivary gland cancers for both the initial staging and the restaging (20, 21) . Recently, Jeong et al. (22) reported the diagnostic values from CT and PET/CT scans in patients with high-grade salivary gland cancer. PET/CT predicted neck node metastasis more accurately than using only CT (97.6% vs. 86.0%, P=0.01). Sensitivity and negative predictive value were 100% for cervical LN metastasis. In addition, diagnostic accuracy of PET/CT for predicting the pathologic tumor extent was 91.0%, which was also significantly higher than that of CT alone (70.1%, P<0.001). Based on these, it may be speculated that the use of PET/CT has a major positive impact on the clinical decision-making process for the patients with highgrade salivary gland cancer.
Although excellent local or regional control could be achieved after postoperative RT, the majority of treatment failures were distant metastases. Additional distant metastases can be detected by longer follow-up because distant metastases in salivary gland cancer often occur at over 5 yr and follow-up period was relatively short in current study (23, 24) . Improvements in systemic therapy are needed to overcome distant metastasis. Recently, one study regarding trastuzumab therapy for salivary gland carcinoma was published (25) . Three patients with recurrence, whose tumors were positive for human epidermal growth factor receptor 2 (HER-2) on fluorescence in situ hybridization, received trastuzumab therapy. One of three patients died after 20 months and the other two were alive at 19 and 36 months, respectively. One of the latter patients has shown disappearance of pulmonary nodules via repeat CT and PET and has remained disease free for 3 yr on trastuzumab. Like this results, HER-2 is a potential target in salivary duct carcinoma. In addition, epidermal growth factor receptor can be a molecular target in adenoid cystic carcinoma, mucoepidermoid carcinoma, and salivary duct carcinoma (26) . Further studies of agents targeting these receptors are warranted.
In conclusion, early stage major salivary gland cancer with low risk can be effectively treated by surgical resection only. And patients who had risk factors after surgical resection achieved excellent local and regional control after adding postoperative RT. Under accurate clinical evaluation and appropriate patient selection, omitting ENI in clinically or pathologically N0 disease can be a feasible strategy in patients without risk factors for subclinical nodal involvement. An effort is needed to decrease distant metastasis through further clinical trials.
